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The Instrumentation and Controls Division is responsible for 
planning, conducting and directing basic and applied research on 
advanced instrumentation and controls technologies for aerospace 
propulsion and power applications. The Division's advanced 
research in harsh environment sensors, high temperature high 
power electronics, MEMS, nanotechnology, high data rate optical 
instrumentation, active and intelligent controls, and health 
monitoring and management will enable self-feeling, self-thinking, 
self-reconfiguring and self-healing Aerospace Propulsion Systems. 

1 hese research areas address Agency challenges to deliver aerospace 
/stems with reduced size and weight, and increased functionality and 
intelligence for future NASA missions in advanced aeronautics, 
economical space transportation, and pioneerin g space exploration. 
The Division also actively supports educational and technology 
transfer activities aimed at benefiting all humankind. 



at Lewis Field 












• 




Ill 


,/4/^M 


wM; 




















5000 


Research & Technology Directorate 


Dr. Woodrow Whitlow, Jr., Director 


Dr. Lawrence X Bober, Deputy 


5010 

Office of University Programs 

Marti Trujillo/ Barbara Bari os, Secretaries 


Francis J. Montegani 

Susan M. Berime, Executive Officer 


University Affairs Officer 

Phone: (216) 433-3193 FAX: (216) 433-8581 


Toni B Rnsnak 

Email: woodrow. whitlow(a},grc . nasa.gov 

r 


Research Program Assistant 



5400 

Power & On-Board 
Tech oology 
vision 

Valerie J. Lyons 
Chief 


5500 


Instrumentation & 
Controls Division 

Jih-Fen Lei 


5600 


Com m u nication s 


Division 

W. Daniel Williams 

CIillL 




■ 5 12H/ Advanced Metaliics 
Branch 

1 5130/Cerainics Branch 

> 5150/Polymers. Branch 

1 5 i 60/En vironmen. J a l 
Durability Branch 


* 5410 Photovoltaic & Space 
Environment Branch 

* 5420/Electrochemistry 
Branch 

® 5430/On-Board Propulsion 
Branch 

* 5450/Electrical Systems 
Development Branch 

« 5480/Electrophysics 
Branch 

* 5400/ 1’ h ermo- Mech a ni ca 1 
Ss sterns Branch 


® 5510/Sensors & Electronics 
Tedmolojjy Branch 


5520/Optical Instrumentation 


* 5530/Controls & Dynamics 


* 5610/Satellite Networks & 
Architectures Branch 

« 5620/Electron Device 
Technology Brand's 

« 5640/A pplied RF 
Technology Branch 

* 5650/Digital Communication 
Technology Branch 


* 5810/Compressor Branch 

* 5820/Tnrbine Branch 

* 5830/Combustion Branch 

* 5840/Jcing Branch 

* 5850/inlet Branch 

* 5860/Nozzlc Branch 

* 5870/Propellant Systems 


" 5880/Engine Systems 
Technology Branch 


1/1 .1 SV- Prediction 
Branch 


& Dynamics Branch 

5940/Acoustics 

Branch 

; 5950/Mechanical 
Components Branch 


Surface Science Branch 


at Lewis Field 



9/13/02 







[Sigh Temperature, High Power 


'hemical Sensors for Emission, 
,eak Detection, and Safety 


nvironments 

EMS & SIC Nanotube 


Optical Ground Test 


Optical Sensors and 
Systems for Flight 
Electro-Optic Circuitry for 
Mobile Sensor Platforms 


• Advanced Propulsion Control 
Concept 

• Dy n a m ics T h eo ry a n d M o d el i n g 

• Active and Intelligent Controls 

• Health Management 

® Propulsion Control System 

Simulation, Implementation and 
Demonstration 
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Real-Time Control Simulation Lab 




Class 100 Clean Roo 



Instrumentation & Controls Division Workforce 


Technical Staff Education 


Workforce Resource 

• 45 NASA CS, 2 Army CS 

• 17 on-site PBC 

• Supported by 16 technician 


MS 

57 % 



PhD 

38 % 
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PHYSICAL SENSORS (T, Strain, Heat Flux) 


CHEMICAL SENSORS 
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SILICON CARBIDE HIGH 
TEMP ELECTRONICS 


MICRO-ELECTRO- 
MECHANICAL SYSTEMS 


NANOTECHNOLOGY 
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Intimate sensor to substrate contact & accurate plac< 
Multiple sensor fabrications, full field measurement 


♦ Capable for operation to very high temperatures (> 1000 C ) 
Multifunctional smart sensors being developed 
Next generation ceramic based sensor for T> I 200C being developed 


ULTIFUNCTIONAL SENSOR ARRAY 




temperature 


Heat Flux Sensor Array 
to T=1 000C 




HYDROGEN, OXYGEN, AND HYDROCARBON LEAK SENSOR TECHNOLOGY 
APPLICATIONS AND ACCEPTANCE CONTINUE TO EXPAND 


Oxygen Sensor 


SiC Hydrocarbon Sensor 


H2 Sensor 


NASA KSC CONTINUES 
EVALUATION OF 
HYDROGEN SENSORS FOR 


NASA JSC AGREES TO 
EVALUATION H2/02 
TECHNOLOGY FOR AFT 
COMPARTMENT 


HYDROGEN SENSOR 
CHOSEN FOR NASA HELIOS 


HYDROGEN SENSORS FLOWN ON TWO 


FORD MOTOR COMPANY JOINS GMl 
NTEREST IN SIC GAS SENSOR TECHNOLOGY TO START 
BUT NOSE TECHNOLOGY AND HYDROGEN SENSORS 
ALSO OF INTEREST 


HYDROGEN SENSOR SYSTEM CONTINUES 
DEVELOPMENT FOR ISS INCLUSION 
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.C- BASED MICROSYSTEM ACTIVI 


CHEMICAL SPECIES 


SiC-BASED 

ATOMIZERS 


ACCELEROMETER 
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HIGH TEMP PACKAGING 
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advanced electronic and structural applications 
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Method easily sealed-up 
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Optical Instrumentation TechnoL 

Scope of Work 

Advanced Optical Diagnostics for 
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Advanced Optical Diagnostics for Ground Tests 
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Lightbulb-on-a-chip” blackbody radiation 
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Mobile delivery systems and 
networked sensor communications for 
aerospace engine inspections, 
planetary exploration, and 
space experiments. 


Ethernet 
IEEE 1394 



Controls and DynamicsTechnology Branch 
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Propulsion Controls 
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InlBt Distortion Accommodation 
•^Online Fan / Compressor 
Stability Margin Manageme 
• Active Inlet Control 


Active Flow Control 

• High Bandwidth Actuation 


• Stall Precursor Identification 

• Microactuation 


Active Combustion Control 
• Emission Minimization 


nstability 




Advanced Propulsion 


Advanced Control Lope 

• Robust Multivariable 
Control Logic 

• Fault Diagnostics & 
Accommodation 

• Life Extending 
Control 


oology 
• Nanotube 
Actuators 


Wave Rotors 
Pulsejets 

High-speed Systems 


Health Management 
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Propulsion Systems 

• Prognostics & Diagnostics 

• Data Mining & Data Fusion 

• Sensor Validation 
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Multifold increase in propulsion system affordability 
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Active Combustion 
Controls 


Combustion 
nstability Control 

objective: actively suppress 
thermo-acoustic driven 
pressure oscillations 

participants: P&W, UTRC. 
NASA (5530, 5830) 


reduce combustor 
pattern factor 

participants . 

AST, Allied Signal, 
NASA (5530 5510 


Plane 


MOx Source 


Baseline NOx Source Contours 

f<tQx Created is Uet fixing Layer 


mission Minimizing Contro 

objective: actively reduce 


participants: HSR, P&W 
NASA (5530, 5520) 





Smart Vanes for UCAV Engines 


Aspirated Rotor 


Smart Vanes 




LLINOIS INST 




Active Flow Control Applied to Stator Vanes 

Enables Higher Loading and Exit-Flow Vectoring 
Using Adaptive Closed-Loop Control System 

Enable Performance Enhancement, Reduced Costs 
and Reduced Weight of Gas-Turbine Engine 
Compression System 

Coupled with Aspirated Rotors for Increased 
System-Level Benefits 


Fluidic Actuator 


Smart Vane 
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MICROSYSTEMS INITIATIVE 
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Vision and Focus 
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-55C to 600C 

Engines, Aircraft, Process 
Control, Environment 
Monitoring, Test and 
Measurement 

Chemical 

Combustion 

Engines, Chemical Plants, 

Reactivity 


Well Logging, Fuel Cells, 
Power Generation 

High Loading 

>30G,000G 

Munitions, Test and 

and Vibration 


Measurement 

BioCompatibflity 

In vivo 

Implantable Devices 
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(5 year) Objectives 


MICROSYSTEMS INITIATIVE 


Four product platforms 

- a high temperature pressure sensor 

- a multi-species chemical sensor 

- an in-vivo, catheter based drug delivery system 

- MUSiC, a multi-user SiC processing facility 

Strategic partnerships between GMI members. 

The world s first and only SiC-Based MEMS 
manufacturing infrastructure - based in Ohio 

One new product - developed from the product platforms 

Three new companies built on GMI technology 

- One Ohio-based company underway - FiberLead, Inc. 
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